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Extrachromosomal DNA was isolated from germinated mung bean as well as from its callus culture. Meth- 
ods followed for the isolation of cccDNA gave a heterogeneous mixture of DNA from 4.2 kb to 140 bp 
in size. Hybridization with a repetitive DNA probe from mung bean chromosomal DNA showed extensive 
dispersion, similar in chromosomal and extrachromosomal locations. An electron micrograph of purified 
extrachromosoma1 DNA revealed some circular DNA molecules with hanging tails. 
extrachromosomal DNA Polydisperse size Repetitive sequence 
1. INTRODUCTION 
There are several reports in the recent literature 
about the occurrence of EC DNA in higher 
eukaryotes [ 1,2]. Like prokaryotes, higher 
organisms can also have both plasmid and viral 
DNA in the extrachromosomal form. Organelles 
have their own genomes and in addition may har- 
bour extra DNA, in either linear or circular forms 
[3]. In particular, plant mitochondria are known to 
contain many copies of circular and linear EC 
DNA [4], a fraction of which contributes to 
c~oplasmic male sterility IS]. 
In the course of our studies on a repetitive DNA 
family in mung bean (Vigna radiata), we observed 
extensive dispersion of the family members, 
throughout the chromosomal high% DNA [6]. 
We therefore wanted to determine whether these 
family members also occur extrachromosomally. 
An analogous situation occurs in human and 
African green monkey kidney cells, where the 
repetitive AluI and KpnI sequences were shown to 
* To whom correspondence should be addressed 
Abbreviations: EC DNA, extrachromosomal DNA; CCC, 
covalently closed circular; HAP, hydroxyapatite; bp, 
base pair; EtBr, ethidium bromide; MS medium, 
Murashige and Skoog’s medium 
occur both chromosomally and extrachromoso- 
mally 17-91. It has been postulated that these are 
transposable elements, generated by the reverse 
transcription of RNA products containing the in- 
terspersed repeat elements from the chromosome 
and are called retroposons [IO]. This paper de- 
scribes the isolation and ch~acterization of mung 
bean EC DNA and the distribution of a family of 
repetitive sequences in it. Using both the cloned 
family member as well as the heterogeneous re- 
petitive DNA probes, it was found that the EC 
DNA fraction from the whole cell contains a 
highly dispersed ~rangement of the repetitive se- 
quences. Electron micrographs of the EC DNA 
showed a heterogeneous population with some cir- 
cular molecules. 
2. MATERIALS AND METHODS 
Mung bean (variety Bl) seeds were obtained 
from the Pulse and Seed Research Station, 
Baharampur. Callus culture from leaf explant was 
grown in MS medium with synthetic auxin and 
Kinetin. The enzyme, Sr nuclease and exonuclease 
III were purchased from BRL (USA) and 
nitrocellulose filter paper (BA 85) was obtained 
from Schleicher and Schuell. Biogel HTP-DNA 
grade was obtained from Bio-Rad Laboratories. 
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2.1. Isolation of EC DNA 
Mung bean germinated at 30°C in darkness 
under sterile conditions for 3 days or 2 weeks 
growth of callus culture was processed for isola- 
tion of EC DNA according to the plasmid isolation 
method of Birnboim and Doly [ 11 J, as adapted by 
Junakovic and Ballario [12] for Drosophila cell 
line. 
2.2. Purification of EC DNA 
For CsCl-EtBr equilibrium density gradient cen- 
trifugation, the mixture was spun at 45 000 rpm for 
18 h in a VTi 80 rotor at 25°C. After fractiona- 
tion, an ahquot from each fraction was loaded on- 
to a 0.8% agarose gel, electrophoresed and 
Southern hybridized to look for the presence of the 
repetitive DNA. 
EC DNA isolated from the leaf callus culture 
was further purified by HAP column chromatog- 
raphy according to the method of purification of 
cccDNA [13]. The isolated EC DNA was purified 
by passing through a nitrocellulose (BA 85) filter. 
This DNA was heat-denatured and immediately 
chilled in ice and adjusted to 8 M urea, 0.24 M 
sodium phosphate buffer (pH 6.5) and 0.9% SDS. 
This mixture was loaded on an HAP column 
previously equilibrated with the same buffer and 
washed extensively with 10 mM sodium phosphate 
buffer (pH 6.5) and the EC DNA eluted with 
0.3 M phosphate buffer (pH 6.5). This DNA was 
dialysed extensively against TE buffer (10 mM 
Tris, 1 mM EDTA; pH 8.0) and finally alcohol 
precipitated, after making 0.3 M with NaOAc (pH 
5.2). 
This EC DNA mixture was treated with single- 
strand specific nuclease Sr using Sr digestion buf- 
fer (30 mM NaGAc buffer, pH 4.6; 1 mM ZnClz, 
25 mM ~-mercaptoethanol). The HAP-purified 
and nitrocellulose-filtered EC DNA was further 
treated with exonuclease III for limit digestion, to 
eliminate single-stranded and double-stranded 
linear DNA contaminants. For isolation of in- 
verted repeat, the method of Ohtsubo and 
Ohtsubo [14] was followed. 
2.3. Other procedures 
Mung bean repetitive DNA was isolated by heat 
denaturation, then renaturation and Sr digestion 
from total mung bean DNA [6]. The total 
repetitive DNA, -300 bp in length, was nick- 
translated by the method of Rigby et al. [15] to a 
specific activity of lo8 cpmlpg DNA, using DNA 
polymerase I,, [cr-32P]dCTP (Amersh~, England) 
but no DNase I. Southern blotting, hybridization 
and washings were done according to standard 
procedures [ 16). Repetitive DNA insert was ob- 
tained by restricting the recombinant plasmid SG 
78 which was selected from a shotgun cloning of 
mung bean genomic DNA in pBR322 with &oRI 
and BarnHI. After separation using 1% agarose 
gel electrophoresis, the 400 bp insert was eluted 
from the gel slice by diffusion and labelled by nick- 
translation. Grid preparation for electron 
microscopy of HAP-purified EC DNA was ac- 
cording to Dubochet et al. [17]. 
3. RESULTS AND DISCUSSION 
Total EC DNA was isolated from aseptically 
germinated mung bean. To rule out the possibility 
of any bacterial contamination in the seedlings, 
callus culture from leaf of mung bean was also 
used for the isolation of EC DNA. It was found 
that they are the same (fig. 1). The size range of the 
polydisperse EC DNA obtained was determined 
from the known Iw, of A DNA fragments cut with 
Hind111 and pBR322 fragments produced by AfuI. 
This turns out to be 4.2 kb to 140 bp in length. The 
small size range of this DNA fraction indicates the 
absence of organelle DNA as a whole, e.g. 
chloroplast and mitochondrial DNAs. However, 
wheat mitochondria are known to contain 
polydisperse small circular DNA ranging from 0.1 
to 2pm, i.e. 300 bp to 6 kb in length [4]. 
Therefore, our preparation may contain such 
intra-organelle circular DNAs. To remove single- 
stranded DNA produced from alkaline-SDS treat- 
ment of the cell extract the following steps were 
performed: (i) phenol, saturated with 0.5 M NaCl, 
was used for extraction [18]; (ii) the EC DNA was 
filtered through nitrocellulose (BA 85) in the 
presence of 0.5 M NaCl and (iii) this was purified 
through an HAP column. That all the single- 
stranded DNA was removed was proved by St 
nuclease treatment of purified EC DNA. There 
was no change evident from the gel electrophoresis 
pattern. To show the occurrence of cccDNA in our 
EC DNA preparations, we digested these exten- 
sively with exonuclease III. A control digestion of 
a mixture of form I, II and III of puR250, a 
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Fig. 1. EtBr-stained 1% agarose gel electrophoresis of (A) lane a, @Xl-purified mung bean leaf DNA, 4 pg; b, EC DNA 
isolated from 3 day germinated mung bean, 1.5 pg; c, HAP-purified callus EC DNA, I pg; d, flow through of HAP 
coIumn, 0.2 ~8; e, SI nuciease-treated (2 U/pg at 37°C for 30 ruin) HAP-purified callus EC DNA, 2.5 ~8; f, same as 
lane c. (B) Lane a, pBR322 DNA, IS pg restricted with AM; b, puR250 DNA, 2~g; c, the same di8ested with Exo 
fff (70 U at 37*C for 18 h); d, HAP-purified callus EC DNA, 2 ~8; e, the same, digested with Exo III under the 
conditions of lane c; f, h DNA, 2yg cut with HindIII. 
pBR322-derived plasmid DNA with exonuclease 
III showed that most of the reaction product was 
in form f or supercoiled circular DNA. So, it is ex- 
pected that the exonucfease l&protected EC DNA 
is circular double-stranded DNA, though the 
diminution in band intensity of form I plasmid 
I 2 3 5 7 9 If 
2.4 kb - 
0.3 kb- 
DNA indicated that some nonspecific DNase ac- 
tion or digestion from the single nicks of cccDNA 
took place. From electron microscopy of purified 
EC DNA, a heterogeneous population including a 
few circular DNA molecules with a tail (sigmoid) 
was observed. This is shown in fig.3. 
To show the occurrence of the 300 bp family of 
repetitive DNA sequences [63 in the EC DNA 
preparation of mung bean and compare it with 
that of chromosomal origin, EC DNA was frac- 
tionated by CsCl-EtBr equilibrium density gra- 
dient centrifugation. After fractionating the 
Fig.2. CsCI-EtBr density gradient ~e~?r~fugat~on of total 
EC DNA. After fractionation of the gradient from the 
bottom, a 20 pl aliquot of each was run on 0.8% agarose 
gel electrophoresis, denatured, renatured and Southern 
blotted on nitrocellulose, On hybridization with 32Pm 
iabelled total repetitive DNA probe from mung bean, in 
50% formamide, 5 x SSPE (saline sodium phosphate 
EDTA), 0.2% SDS and 2 x Denhardt’s reagent f17f at 
42’C for 17 h, the fiber was washed extensively with 2 X 
SSPE, 0.2% SDS, followed by 0.1 x SSPE, 0.2% SDS 
at WC and autoradiographed. The marker lane 
contained puR250 DNA digested with PvuII. The lane 
numbers are the corresponding fraction number. 
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Fig.3. EIectron micrograph along with its schematic diagram of a selected field of calius EC DNA (magnification x 
150000). 
thr 
* 
gradient, an aliquot from each fraction was elec- 
c- trophoresed on agarose gel and then blotted onto 
~itrocellulose. Using 32P-labelled, nick-translated 
repetitive DNA as a probe, it was found that the 
repetitive sequences were also polydispersed in EC 
DNA (fig.2). Using the cloned repetitive DNA 
probe from SG 78, similar polydisperse hybridiza- 
tion was obtained with EC DNA, without any 
distinctive band (not shown). 
-wlkb 
Fig.4. Autoradiograph of the Southern hybridization of 
denatured, renatured and SI nuclease-treated callus EC 
DNA 1141 with nick-translated total mung bean DNA. 
10 pg HAP-purified callus EC DNA was denatured with 
0.15 M NaOH at room temperature for 15 min, 
neutralized with HCI, then the solution was chilled in 
ice, and the Na+ concentration was adjusted to 0.3 M 
with NaCI, renaturation of the inverted repeat was done 
by incubating the mixture at 68°C for 30 s, Si nuclease 
buffer was added, then SI nuclease (6.6 BRL U/fig 
DNA) treatment was performed at 37°C for 30 min. 
Hybridization and washings were done as described in 
the legend to fig.2. 
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Alkali-denatured, briefly renatured, EC DNA 
was treated with Si nuclease to determine the 
presence of inverted repeat, if any [14]. On 
Southern hybridization with labelled total mung 
bean DNA, among many fragments, one promi- 
nent hybridizable band of -1 kb in length was 
observed on the autoradiogram (fig.4). The EM 
picture of sigmoid DNA molecules might originate 
from the inverted repeat sequences which on isola- 
tion appear circular with a hanging tail [ 191. 
On calculation of the percentage of this 
repetitive DNA in total EC DNA from dot-blot 
hybridization, it was found to be 4.6% (w/w), 
assuming the haploid genome size of mung bean to 
be 4.7 x lOa bp [20]. The function of the repeat 
family is still unknown in the EC DNA. Two 
hypotheses have been proposed in the literature: (i) 
they are the by-products of recombination and/or 
reverse transcription of transcripts of the mobile 
genetic elements [l] and (ii) they are produced as a 
result of ‘replicon misfiring’, which may occur at 
the chromosomal origins of replication [21]. 
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